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SECTION  1.0 


INTRODUCTION 


1 . 1  Purpose 

The  purpose  of  the  cost  allocation  study  is  to  allocate 
current  and  future  costs  among  users  of  the  FAA's  airport  and 
airway  systems.  These  cost  allocations  provide  information 
useful  in  analyzing  user  taxes  to  cover  the  period  1988-1997. 

The  results  presented  in  this  volume  are  based  upon  FAA 
plans  for  NASP  implementation  as  of  the  Fall  of  1985.  These 
plans  included  projected  changes  in  staffing  and  productivity 
which  are  reflected  in  future  operating  costs,  and  user 
allocations . 

The  present  volume  reports  the  results  of  the  allocation  of 
future  FAA  costs  among  users.  Volume  1  presents  an  extensive 
discussion  of  the  methodologies  employed  in  this  study,  together 
with  detailed  presentation  of  the  results  for  the  year  1985. 

1.2  Overview  and  Summary  of  Results 

The  allocations  of  future  FAA  costs  are  based  upon  the  same 
methodologies  presented  in  Volume  1.  FAA  airport  and  airway 
costs  are  allocated  to  users  by  applying  the  concept  of  avoidable 
costs.  These  are  the  costs  that  would  be  avoided  by  the  FAA  if  a 
user  group  discontinued  its  use  of  all  or  part  of  the  FAA  airport 
and  airway  systems.  Any  costs  which  are  jointly  attributable  to 


1 


T*T 


users  are  allocated  among  them  based  upon  Ramsey  Pricing  which 
minimizes  the  distortion  in  aviation  markets  resulting  from  the 
allocation  of  joint  costs. 

This  study  presents  two  types  of  allocations:  a  full  cost 
allocation  of  the  entire  FAA  budget,  and  an  estimated  minimum 
general  aviation  allocation.  The  main  distinction  between  the 
two  types  of  allocations  is  that  in  the  latter  case,  general 
aviation  users  are  not  assigned  a  share  of  joint  costs. 
Otherwise,  the  methodologies  employed  are  nearly  identical. 

In  developing  these  allocations  for  the  future,  there  are 
four  major  issues  that  had  to  be  addressed:  inflation,  changes 
in  activity,  the  effect  of  the  National  Airspace  System  Plan 
(NASP)  on  productivity,  and  the  amortization  of  facilities  and 
equipment  (F&E).  Each  of  these  issues  is  briefly  addressed 
below. 

1.2.1  Inflation 

Future  inflation  will  affect  not  only  the  size  of  FAA 
budgets,  but  also  the  allocation  of  costs  among  users.  This  is 
true  because  not  all  users  consume  the  same  mix  of  FAA  services. 
For  example,  general  aviation  users  of  the  airport  and  airway 
system  consume  relatively  more  air  traffic  control  services  than 
facilities  and  equipment  services.  Higher  inflation  in  the  cost 
of  operating  ATC  sites  would  have  a  more  immediate  impact  on 
general  aviation's  share  of  the  FAA  budgets  than  an  increase  in 
the  cost  of  F&E.  The  reverse  would  be  true  of  air  carriers, 
which  consume  a  relatively  large  share  of  F&E. 

Shown  in  Table  1.1  are  the  inflation  assumptions  used  for 
future  cost  projections. 


Table  1.1 


INFLATION  RATE  ASSUMPTIONS 

1985-1992  1993-1997 

Labor  3.5%  4.6% 

Other  Cost  Centers  FAA  Projections  4.6% 

The  3.5  percent  annual  inflation  rate  for  the  period  1985- 
1992  is  consistent  with  the  most  recent  1986  Economic  Report  of 
the  President.  For  the  years  following  1992,  the  producers  price 
index  projections  made  by  Wharton  Econometric  Forecasting 
Associates1  were  employed.  This  latter  set  of  projections  was 
selected  because  government  labor  costs  seem  to  closely 
correspond  to  changes  in  this  index.  For  example,  over  the 
period  1975  through  1985,  general  government  salaries  increased 
by  a  rate  almost  identical  to  the  producers  price  index. 

The  FAA  budget  office  makes  projections  of  the  other  FAA 
cost  centers--F&E,  R&D,  and  airport  grants,  as  well  as  the  total 
O&M  budget.  These  projections  were  used  to  govern  planned 
spending  levels  for  these  cost  centers  for  the  period  1985 
through  1992.  Thereafter,  projections  were  unavailable,  and 
future  costs  were  assumed  to  increase  at  the  same  rate  as  FAA 
labor . 
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1.2.2  Activity 

The  FAA  makes  projections  of  activity  at  its  operating 
sites.  These  projections  were  used  in  the  present  study,  and  are 
summarized  in  Table  1.2. 

Table  1.2 

INDICES  OF  FUTURE  ACTIVITY 
( 1985=100) 


1992 

1997 

ARTCCs 

125.4 

139.1 

FSSs 

114.5 

123.3 

TRACONs 

121.8 

135.7 

Towers 

134.3 

150.3 

As  can  be  seen,  the  most  dramatic  growth  is  projected  to 
take  place  at  FAA  towers,  where  activity  will  increase  by  50 
percent  by  the  year  1997  over  1985  levels.  Thirty-nine  percent 
increases  are  forecast  at  ARTCCs  while  TRACONs  should  see 
increases  of  nearly  36  percent.  FSS  services  are  predicted  to 
grow  23  percent  during  the  same  time  period. 

1.2.3  Effect  of  NASP  Productivity 

By  the  year  1992,  new  technologies  contemplated  under  the 
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National  Airspace  System  Pla''  should  be  initiated.  The  new 
technologies  put  into  place  will  affect  both  air  traffic  control 
labor  productivity,  and  also  the  productivity  of  those  FAA 
personnel  performing  maintenance  at  ATC  facilities.  In  order  to 
identify  the  impacts  of  NASP  productivity,  cost  functions  for  the 


year  1992  were  developed  for  ARTCCs,  FSSs,  TRACONs  and  towers. 
These  cost  functions  show  the  relationship  between  projected  cost 
and  activity,  and  more  specifically  identify  future  marginal 

costs . 

The  result  of  this  analysis  shows  that  for  the  most  part  new 
technologies  will  lower  unit  costs  of  production  at  FAA 
facilities.  For  users  of  each  type  of  facility,  the  cost  savings 
(in  constant  dollars)  would  approximate  the  following: 

ARTCCs:  22-25  percent 

FSSs:  36  percent 

TRACONs:  5  percent 

Towers:  9-34  percent 

Details  of  these  results  can  be  found  in  Section  2.2. 

1.2.4  Amortization  of  F&E 

One  methodological  change  for  future  years  (as  opposed  to 
those  presented  in  Volume  1)  pertains  to  the  amortization  of  F&E. 
The  1978  FAA  cost  allocation  study  did  not  amortize  F&E;  instead, 
expenditures  were  expensed  in  a  single  year.  Expensing  may  lead 
to  a  m isidentif ication  of  actual  attributable  costs  because 
capital  is  consumed  over  time  and  not  in  a  single  year.  For 
example,  suppose  the  FAA  spends  money  on  capital  equipment  at  a 
certain  site  in  one  year  and  then  spends  nothing  on  capital  in 
the  next  three  years.  If  users  pay  for  that  capital  in  the  same 
year,  then  all  future  users  would  enjoy  its  benefits  free  of 
charge.  Arguably,  such  a  treatment  is  inequitable  if  it  does  not 
reflect  the  actual  consumption  of  the  capital  services  produced. 

In  the  present  study,  future  FAA  F6E  budgets  are  amortized 
over  a  13  year  period,  which  corresponds  to  the  average 


replacement  rate  of  airway  capital  equipment.  Near-term  F&E 
costs  are  relatively  large  by  historic  standards.  The  amortized 
F&E  results  were,  therefore,  accumulated  in  such  a  way  as  to 
estimate  a  constant  annual  F&E  budget  over  the  period.  This  was 
done  to  estimate  future  revenues  to  accommodate  relatively  high 
F&E  costs  attributable  to  near-term  NASP  expenditures.  Details 
on  this  procedure  can  be  found  in  Section  2.3  and  in  Appendix  A 
of  this  volume. 

1.2.5  Summary  of  Results 

Shown  in  Figure  1.1  are  the  projections  of  the  major  FAA 
cost  centers  over  the  period  1985  through  1997.  During  that  time 
period,  these  budgets  are  projected  to  grow  at  the  following 
annual  rates: 

3.1  percent 
2.3  percent 
0.0  percent 
0.7  percent 

During  that  same  time  period,  the  shares  of  air  carriers  and 
general  aviation  users  are  projected  to  increase  slightly,  while 
the  shares  of  public  sector  users  are  projected  to  fall.  The 
relative  decline  in  the  public  sector's  share  of  the  FAA  budget 
reflects  the  projected  constancy  of  military  activity  at  FAA 

q 

operating  sites.  During  the  period  1985  through  1997,  air 
carrier  and  general  aviation  operators  will  increase  activity  at 
all  FAA  operating  sites.  As  a  result,  the  relative  share 
attributable  to  the  public  sector,  which  is  dominated  by  the 
military,  declines. 


O&M 

F&E 

R&D 

Airport  Grants 
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The  actual  allocations  for  the  years  1985,  1992,  and  1997 
are  shown  in  Figures  1.2  and  1.3.  The  former  chart  pertains  to 
the  case  where  regulatory  costs  are  allocated  to  users,  while  the 
latter  pertains  to  the  situation  where  these  costs  are  allocated 
to  the  public.  The  relative  decline  in  public  sector  shares  is 
evident  in  both  charts. 

Finally,  the  minimum  general  aviation  allocation  is 
projected  to  increase  from  approximately  11  percent  to 
approximately  14  percent  in  the  time  period  1985  through  1997. 
This  occurs  for  two  reasons:  first,  because  of  the  relative 
decline  in  military  activity,  and  second  because  the  increase  in 
general  aviation  activity  causes  a  relative  increase  in  the  size 
of  the  minimum  GA  allocation  over  time.  The  latter  occurs 
because  general  aviation  consumes  a  relatively  large  share  of  air 
traffic  services  (ATC)  relative  to  other  services  produced  by  the 
FAA.  ATC  services  are  projected  to  grow  more  rapidly  than  other 
demands  on  FAA  resources. 

1.3  References  to  Other  Volumes 

Descriptions  of  the  databases  which  form  the  basis  for  the 
cost  allocations  reported  in  this  volume  can  be  found  in  Volume 
6.  Detailed  discussions  of  the  methodology  are  presented  in 
Volume  1.  User  tax  options  based  on  results  in  Volumes  1  and  2 
are  reported  in  Volume  4. 

Separate  volumes  have  also  been  developed  on  public  sector 
cost  categories  and  on  econometric  cost  estimation  techniques. 
These  are  Volumes  3  and  5  respectively. 
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Organization  of  the  Remainder  of  This  Volume 


Section  2  reviews  the  methodologies  used  to  project  FAA 
budgets  and  allocations  in  the  future.  Included  are  discussions 
of  the  1992  cost  functions,  and  the  method  for  amortizing  F&E. 
Section  3  presents  a  review  of  future  allocations  for  the  entire 
budget,  and  subcategories  of  the  budget.  Detailed  presentations 
of  results  for  each  of  the  years  from  1986  through  1997  are  found 
in  Section  4.  Included  here  are  the  allocations  of  both  direct 
and  indirect  cost  to  each  of  the  ten  user  groups  included  in  this 
study,  as  well  as  a  detailed  presentation  of  the  minimum  general 
aviation  allocation. 

Also  included  in  this  volume  as  Appendix  A  is  a  more 
rigorous  examination  of  the  reasons  and  methods  for  amortizing 
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Section  2.0 


METHODOLOGY 


This  section  reviews  the  methodology  of  the  allocations  of  the 
FAA  budgets  for  the  years  1985  through  1997.  The  focus  in  this 
report  is  on  the  methods  for  projecting  budgets  and  allocations  into 
the  future.  Details  of  the  the  other  aspects  of  the  methodology  are 
presented  in  Volume  1. 

The  discussion  begins  with  a  general  overview  of  methodologies. 
This  is  then  followed  by  a  discussion  of  the  1992  econometric 
results,  and  the  methodology  employed  to  amortize  FAA  F6E.  Further 
details  of  the  last  topic  are  presented  in  Appendix  A. 

2.1  Projection  and  Allocation  of  Major  Budget  Categories 

Shown  in  Table  2.1  is  a  summary  of  the  methods  for  projecting 
and  allocating  major  FAA  budget  categories  in  the  future.  The 
allocation  method  for  future  years  is  the  same  as  in  the  base  year 
1985.  Included  in  this  chart  are  the  definitions  of  each  budget 
category,  the  allocation  methodology  employed,  and  the  projection 
methods  for  two  time  periods:  1986-1992,  and  1993-1997. 

The  FAA  budget  is  divided  into  four  general  budget 
categories: 

o  Operations  and  Maintenance  (0&M), 

o  Facilities  and  Equipment  (F&E), 

o  Research  and  Development  ( R&D ) , 

Airport  Grants. 


o 


Each  of  these  general  budget  categories  is  projected  in  the  same 
manner  as  in  the  base  year  1985.  For  the  period  1986  through 
1992,  FAA  budget  projections  were  employed.  For  the  period  1993 
through  1997,  a  4.6  percent  annual  inflation  rate  was  assumed. 

The  latter  corresponds  to  the  projected  increase  in  the 
producer's  price  index  in  the  same  period.^ 

The  O&M  budget  contains  a  variety  of  activities  which  have 
been  segregated  into  subcategories:  operating  sites,  safety 
regulation,  NAVAID  maintenance,  and  indirect  costs.  The 
projection  methods  for  these  O&M  categories  are  also  discussed  in 
Table  2.1.  As  was  noted  previously,  labor  costs  are  assumed  to 
increase  at  a  3.5  percent  annual  rate  in  the  earlier  time  period, 
and  then  at  the  4.6  percent  rate  between  1993  and  1997.  Other 
notable  aspects  of  the  projection  of  these  budget  subcategories 
are  as  follows: 

o  Operating  Sites:  Future  costs  of  operating  sites 

depend  upon  the  realization  of  efficiency  benefits  of 
the  NASP.  These  efficiency  benefits  are  identified 
through  the  estimation  of  1992  cost  functions  for  each 
type  of  operating  site.  These  cost  functions  are 
discussed  In  greater  detail  in  Section  2.2.  The 
efficiencies  are  assumed  to  begin  in  FY86,  and  are 
phased  in  evenly  until  they  are  fully  realized  in 
1992 . 5 

o  NAVAID  Maintenance:  This  subcategory  is  affected  by 
reductions  in  the  cost  of  maintaining  air  traffic 
control  systems  attributable  to  new  technologies  being 
put  in  place. 
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rjO  Applied  research  to  FAA  budget  projections  4.6%  annual  inflation  Allocated  to  categories  o 

improve  ATC  services,  or  users  based  on  purpose  of 

safety  projects  and  then  allo¬ 

cated  as  a  joint  cost 


o  F&E:  As  was  noted  previously,  future  F&E  budgets  are 
affected  by  the  amortization  techniques  developed  for 
this  project. 

2.1.1  Allocation 

Also  shown  in  Table  2.1  are  the  allocation  methodologies 
employed  in  the  study.  The  methods  employed  are  exactly  the  same 
as  those  used  in  the  FY1985  allocation,  except  for  the 
amortization  of  F&E.  For  example,  the  variable  costs  at  ATC 
operating  sites  are  allocated  by  estimating  the  marginal  cost  for 
each  user  group,  multiplying  that  cost  by  the  group's  activity, 
and  summing  over  all  user  groups.  Joint  costs  at  these  sites  are 
allocated  using  Ramsey  Pricing.  Funds  for  research  and 
development  are  allocated  to  user  categories  to  the  extent  made 
possible  by  the  stated  purposes  of  the  projects.  Projects  which 
cannot  be  allocated  in  this  way  are  treated  as  joint  costs. 
Detailed  descriptions  of  these  methodologies,  and  the  others 
listed  in  the  table  can  be  found  in  Volume  1  of  this  study.  The 
methodology  for  amortizing  F&E  expenditures  is  detailed  in 
Section  2.3  of  this  volume. 

The  discussion  now  turns  to  two  issues  that  are  important  in 
understanding  the  future  allocations.  The  first  is  the  1992  cost 
functions  for  FAA  operating  sites;  the  second  pertains  to  the 
reasons  and  methods  for  the  amortization  of  F&E. 

2 .2 _ 1992  Cost  Functions 

In  order  to  evaluate  the  impact  on  labor  productivity  of  the 
installation  of  new  equipment,  it  was  necessary  to  estimate  cost 


15 


functions  for  ARTCCs,  FSSs,  TRACONs,  and  towers  which  reflected 
the  impact  of  the  new  technology.  The  same  techniques  were  used 
to  estimate  these  cost  functions  as  those  developed  in  Volume  1. 
Only  new  datasets  were  required  to  develop  these  cost  functions. 

The  data  required  to  develop  these  cost  functions  are 
briefly  described  below: 

o  ATC  Labor:  As  part  of  the  planning  process  for  the 

NASP,  FAA  has  developed  new  staffing  standards  for  the 
new  facilities.  These  staffing  standards  were  used  to 
derive  estimates  of  air  traffic  control  labor  at  each 
operating  site. 

°  Airway  Facility  Labor:  As  part  of  the  planning  process 
for  the  NASP,  FAA  has  developed  a  forecast  of  the 
Facility  Master  File  which  identifies  the  location  of 
all  equipment  at  ATC  operating  sites.  The  number  of 
labor  hours  to  maintain  each  piece  of  equipment  in  the 
forecast  FMF  was  used  to  develop  approximations  of  the 
full-time  equivalent  personnel  required  to  maintain  each 
ATC  operating  site. 

o  Labor  Costs:  FAA  labor  costs  were  assumed  to  increase 
at  a  3.5  percent  annual  rate  in  the  period  1985  through 
1992,  and  4.6  percent  in  the  latter  period. 

o  Leased  Telecommunications:  One  of  the  effects  of  the 
NASP  will  be  to  reduce  the  FAA’s  dependence  on  leased 
telecommunications.  The  relatively  minor  costs 
exhibited  in  1984  should  decline  by  1992.  No  data  were 
available  on  these  costs  in  the  future. 


o 


Activity:  FAA  projections  of  future  activity  were 

employed;  adjustments  to  these  forecasts  were  made  in 
the  same  manner  as  described  in  Volume  1 . 

The  results  of  the  econometric  analysis  are  shown  in  Table 

2.2  together  with  a  comparison  of  the  results  for  1984.  All  of 
the  estimates  are  expressed  in  1986  dollars.  In  general,  the 
effect  of  the  new  technology  will  be  to  reduce  the  unit  cost  of 
FAA  output.  In  part,  the  reduced  unit  cost  may  be  due  to  the 
"larger  size"  of  each  facility.  For  example,  FSS  locations  are 
scheduled  to  be  reduced  in  number,  and  increased  in  size  by  1992. 
The  combination  of  improved  technology,  and  larger  sized 
facilities  may  account  in  part  for  the  reduced  unit  costs.  It 
also  may  be  reflected  in  the  increases  in  joint  costs  at  each 
site  reflected  in  the  1992  results.^ 

It  should  be  noted  that  the  econometric  results  for  1992  are 
used  in  both  the  1985-1992  time  period,  and  the  1993-1997  time 
period.  In  the  former,  it  is  assumed  that  one-seventh  of  the 
circa  1992  equipment  is  installed  in  each  of  the  years  from  1986 

7 

through  1992.  A  proportional  increase  in  labor  productivity  is 
assumed  to  coincide  with  installation.  In  the  latter  time 
period,  the  1992  econometric  results  are  used  exclusively,  and 
the  marginal  costs  are  increased  each  year  to  account  for 
inflation. 

2 . 3  Amortization  of  F&E 

The  F&E  cost  category  in  the  FAA  budget  includes  virtually 
all  of  the  capital  expenditures  made  for  the  air  traffic  control 
system  each  year.  By  definition,  capital  assets  are  those  which 
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desirable  to  identify  how  much  capital  is  consumed  in  a  year  by 
each  user  group  in  order  to  evaluate  both  the  varying  consumption 
patterns  exhibited  by  users  over  time,  and  the  impact  of  F&E 
expenditure  patterns  on  user  group  consumption. 

In  the  present  study,  future  users  will  be  allocated  the 
costs  of  capital  projects  as  they  use  them.  This  is  a  departure 
from  traditional  financial  reporting,  which  is  typified  by 
historic  depreciation  schedules.  The  approach  proposed  here  is 
more  consistent  with  the  problem  faced  by  the  FAA :  to  account 
for  the  consumption  of  capital  in  such  a  way  that  it  can  be 
replaced  as  it  wears  out. 

It  is  important  to  focus  on  two  key  components  of  capital 
consumption:  depreciation  and  the  cost  of  capital.  The  former 

represents  the  value  of  capital  consumed  in  a  particular  time 
period.  Depreciation  should  be  valued  to  reflect  the  replacement 
cost  the  asset.  If  an  existing  asset  put  in  place  in  year  one 
must  be  replaced  in  year  three,  the  cost  of  that  replacement 
would  be  affected  by  both  technological  change  and  by  the  rate  of 
inflation.  If  replacement  costs  are  not  considered,  insufficient 
funds  may  be  set  aside  to  replace  the  capital  as  it  wears  out. 

The  cost  of  capital  represents  the  opportunity  cost  of 
employing  the  capital  in  FAA  facilities  instead  of  employing  it 
elsewhere.  The  time  value  of  money  embedded  in  a  capital  project 
is  a  real  cost  since  there  are  alternative  uses  of  those  funds. 
Therefore,  capital  consumption  should  include  not  only 
depreciation,  but  also  the  cost  of  capital. 


Finally,  since  user  taxes  will  be  based  in  part  upon  the 


amortization  schedule  to  be  developed  in  this  study,  it  is 
desirable  that  the  pattern  of  payments  made  for  recovery  be 
relatively  even.  It  would  be  difficult  to  administer  taxes  which 
vary  year-to-year. 

In  order  to  accommodate  these  concerns,  the  following 
amortization  procedures  were  employed  in  this  study. 

o  Step  1:  Projected  future  F&E  expenditures  were 
amortized  in  the  future. 

o  Step  2:  The  resulting  yearly  allocations  were 
discounted  back  to  the  present  time. 

o  Step  3:  A  "mortgage"  payment  schedule  was  derived  in 
order  to  make  the  annual  F&E  allocations  even. 

The  effect  of  this  procedure  is  to  recognize  the  future 
consumption  patterns  of  F&E,  and  to  take  specifically  into 
account  the  replacement  costs  of  capital,  and  the  cost  of 
capital.  In  order  to  allow  for  an  even  tax  schedule  over  time, 
the  amortization  schedules  are  discounted  back  to  the  present 
time,  and  then  an  even  schedule  of  F&E  allocations  is  derived. 

The  key  assumptions  in  this  analysis  are  shown  below  in  Table 

2.3. 


Table  2.3 

KEY  COMPONENTS  OF  AMORTIZATION  ANALYSIS 


Amortization  Schedule 
Cost  of  Capital 
Replacement  Costs 
"Mortgage”  Rate 
Duration  of  Mortgage 


13  years 
10  percent 

FAA  Future  F&E  Projections 
10  percent 


1986-1997 


The  amortization  schedule  selected  was  13  years.  This  is 
the  approximate  average  useful  life  of  FAA  airway  facilities  and 
equipment,  as  evidenced  by  expenditure  patterns  over  time.  The 
cost  of  capital  utilized  in  the  analysis  is  10  percent,  which  is 
the  st.  n'lard  OMB  discount  rate.  Replacement  costs  are  based  on 
projected  FAA  F&E  budgets.  The  mortgage  rate  of  interest  is  10 
percent,  which  was  selected  in  order  to  be  equal  to  the  OMB 
discount  rate,  which  is  the  opportunity  cost  of  money  to  the 
government.  The  duration  of  the  mortgage  was  for  the  period  1986 
through  1997-~the  period  of  time  over  which  the  amortization 
technique  is  employed. 

Details  of  the  amortization  procedure  can  be  found  in 
Appendix  A  of  this  volume.  The  discussion  now  turns  to  specific 
results  for  major  FAA  cost  categories  over  the  period  1985 
through  1997. 
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is  two-fold.  First,  user  groups  consume  different  amounts  of  the 
services  produced  by  FAA  cost  centers.  Examining  these 
differences  provides  additional  insight  into  the  allocation  of 
all  FAA  costs  to  user  groups.  Second,  there  are  some  changes  in 
the  distribution  of  costs  among  user  groups  forecast  for  the 
future.  These  changes  are  highlighted  in  the  discussion  below. 


3.1  Comparison  of  1985  and  1997  Allocations 


The  allocations  for  the  major  cost  categories  for  1985  and 
1997  are  shown  in  Table  3.1.  Costs  are  allocated  in  each 
category  to  air  carriers,  general  aviation,  and  the  public 
sector.  In  those  cases  where  ranges  of  results  are  shown,  the 
allocations  depend  upon  whether  regulatory  costs  are  allocated  to 
users,  or  to  the  public  sector.  Air  carrier  and  general  aviation 
allocations  are  higher  when  regulatory  costs  are  allocated  to 
users;  public  sector  allocations  are  higher  when  regulatory  costs 
are  allocated  to  the  public  sector. 

One  trend  is  apparent  in  the  table.  The  public  sector  share 
of  costs  is  declining  over  time.  As  noted  in  Section  1.0,  this 


occurs  because  military  operations  are  forecast  to  remain  almost 
constant  in  the  future,  while  general  aviation  and  air  carrier 
operations  will  increase.  The  result  is  a  relative  decline  in 
the  costs  attributable  to  the  military,  and  therefore  to  the 
public  sector. 

What  follows  is  a  brief  discussion  of  each  of  the  major 
cost  categories. 

o  ARTCCs:  The  majority  of  these  costs  are  attributed  to 

air  carriers  who  are  the  most  intensive  users  of  ARTCC 
facilities.  Over  time,  the  public  sector  shares 
decline,  with  the  remainder  being  split  approximately 
equally  between  air  carriers  and  general  aviation. 

°  FSSs:  The  major  beneficiaries  of  FSS  services  are 
general  aviation  users  who  are  allocated  the  vast 
majority  of  these  costs.  Over  time,  air  carriers' 
shares  remain  relatively  constant.  General  aviation 
utilization  of  FSS  services  is  forecast  to  grow  in  the 
future  with  the  result  that  its  share  increases 
directly  with  the  decline  of  the  public  sector's  share. 

o  Towers:  The  majority  of  tower  costs  are  attributable 

to  general  aviation  in  both  1985  and  1997.  The  decline 
in  the  public  sector's  share  is  approximately  evenly 
split  between  air  carriers  and  general  aviation. 

o  TRACONs:  The  majority  of  TRACON  costs  are 

attributable  to  air  carriers.  By  1997,  there  is 
forecast  to  be  a  relative  increase  in  the  cost  of 
serving  general  aviation  at  TRACON  facilities,  and  an 
increase  in  general  aviation  activity  at  these 


Table  3.1 
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ALLOCATION  OF  MAJOR  FAA  COST  CENTERS 
1985  and  1997 


-1985-- 

1997 - 

Air  Carrier 

GA 

Public 

Sector 

Air  Carrier 

GA 

Pub  lie 

Sector 

O&M 

o 

ARTCCs 

5  3.6% 

24.0% 

22.4% 

57.0% 

26.3% 

16.7% 

o 

FSSs 

10.9 

76.5 

12.7 

10.8 

79.5 

9 . 7 

o 

Towers 

17.  3 

65.9 

16.8 

20.8 

67.9 

11.3 

o 

TRACONs 

62.9 

20.9 

16.2 

61.9 

28.1 

10.0 

o 

NAVA ID 
Maintenance 

52.8 

26.9 

20.4 

56.6 

29.3 

14 . 1 

o 

Regulations 

0-62.4  0 

-31.7 

5.9-100.0 

0-63.6 

0-32.0 

4.4-100 

o 

Indirect 

Costs 

46.8- 

51.3 

27.3- 

29.1 

19.6-25.9 

25.9 

50.1- 

54.9 

29.1- 

31.1 

13.9- 

20.8 

F&E 

71.3 

16.3 

12.4 

78.6 

13.7 

7.7 

R&D 

83 

.7-88.1  5. 

1-7.5 

4.4-11.  3 

70.8-75.6 

14.8-17. 

3  7.1-1 

Ai rpor t 

Grants 

65.6 

33.0 

1.5 

66.0 

32.8 

1.2 

l  ■  ’ 


facilities.  The  result  of  these  two  trends  is  an 
increase  in  general  aviation's  share  of  TRACON  costs, 
while  the  shares  of  both  air  carriers  and  the  public 
sector  users  decline. 

NAVAID  Maintenance:  The  majority  of  these  maintenance 
costs  are  attributable  to  air  carriers.  As  the  public 
sector's  share  declines  over  time,  the  shares  of  both 
air  carriers  and  general  aviation  increase  about 
equally . 

Regulations:  In  the  case  where  regulatory  costs  are 

allocated  to  users,  the  majority  is  attributable  to 
air  carriers.  There  is  only  a  modest  decline  in  the 
public  sector's  share  over  time  which  is  split  about 
equally  between  air  carriers  and  general  aviation. 

Under  the  scenario  when  regulatory  costs  are  deemed  to 
be  in  the  public  interest,  the  total  budgets  in  both 
1985  and  1997  are  allocated  to  the  public  sector. 
Indirect  Costs:  Indirect  costs  are  allocated  to  other 
cost  categories  based  upon  allocation  statistics,  and 
then  to  users  as  a  joint  cost.  The  changes  shown  in 
the  table  are  due  to  the  expected  constancy  of  military 
operations  over  the  time  period. 

F&E:  The  key  distinction  between  1985  and  1997  results 

s  that  future  F&E  is  amortized,  while  the  1985  results 
are  not.  This  factor  together  with  the  expected 
decline  in  the  public  sector's  share  by  1997  results  in 
a  large  increase  in  air  carrier  share  of  F&E  in  1997. 
General  aviation's  share  also  declines  by  1997. 


o  R&D:  The  results  shown  in  the  table  are  due  to  the 
changes  in  the  composition  of  R&D  over  time.  Most 
near-term  R&D  projects  are  attributable  to  the  air 
carriers.  In  the  long  run,  however,  a  greater  share  is 
attributable  to  general  aviation,  and  to  the  public 
sector  (despite  the  expected  decline  in  military 
operations  ) . 

o  Airport  Grants:  The  allocations  for  airport  grants  are 
relatively  constant  over  time.  This  is  expected 
because  the  distribution  of  grants  is  assumed  to  be 
constant  over  time. 

While  reviewing  the  results  in  Table  3.1,  it  should  be  borne  in 
mind  that  four  of  the  cost  categories  account  for  most  of  the  FAA 
budget:  ARTCCs,  TRACONs,  F&E,  and  Airport  Grants.  The  relative 

stability  in  these  budgets  accounts  for  the  stability  of  the 
shares  among  the  user  groups  over  time. 

3 . 2  Detailed  User  Allocations  for  1985,  1992  and  1997 

Allocations  were  made  to  ten  user  groups  in  the  cost 
allocation  study.  In  addition  to  the  public  sector  costs 
attributable  to  the  use  of  the  airport  and  airway  system  by 
civil  government  and  military  users,  some  costs  were  also 
allocated  to  the  public  interest.  These  latter  costs  are  also 
allocated  to  the  public  sector  in  the  study.  In  this  section, 
the  allocations  to  the  ten  user  groups  and  the  public  interest 
are  shown  for  three  years:  1985,  1992,  and  1997. 

The  presentation  is  made  through  a  series  of  bar  charts. 


Separate  charts  are  presented  for  each  of  the  three  major  user 
categories:  air  carriers,  general  aviation,  and  the  public 

sector.  Also  shown  with  these  charts  are  the  total  allocation  to 
the  major  user  categories,  presented  in  the  form  of  pie  charts. 

Two  sets  of  charts  are  needed  for  each  major  user  category. 
In  all  cases,  the  first  chart  pertains  to  the  case  where 
regulatory  costs  are  allocated  to  users,  while  the  second  chart 
pertains  to  the  scenario  when  regulatory  costs  are  allocated  to 
the  public  sector. 

What  follows  is  a  discussion  of  the  trends  in  the 
allocations  to  user  groups  over  time. 

3.2.1  Air  Carriers 

There  are  four  air  carrier  user  groups  included  in  this 


study : 

o 

AC-D: 

domestic  air  carriers. 

o 

AC-I: 

international  air  carriers 

o 

AC-F: 

freight  air  carriers. 

o 

COM: 

commuters . 

The  allocations  for  the  three  years  of  interest  are  shown  in 
Figures  3.1  and  3.2.  It  is  apparent  in  both  charts  that  there  is 
a  substantial  increase  in  the  allocation  of  FAA  costs  to 
commuters  over  time.  This  trend  is  consistent  with  the  expected 
rapid  growth  in  commuter  operations  in  the  future,  and  is  part  of 
a  longer  secular  trend  in  commuter  growth  which  began  with  the 
deregulation  of  the  airline  industry. 

Another  obvious  result  in  both  Figures  3.1  and  3.2  is  the 
dominance  of  total  FAA  costs  attributable  to  domestic  air 
carriers.  This  result  is  expected  because  these  carriers  are  the 
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largest  operators  at  ARTCCs  and  TRACONs--the  two  largest 
operating  site  cost  centers.  In  addition,  they  are  the  chief 
beneficiaries  of  substantial  portions  of  the  F&E,  R&D,  and 
airport  budgets.  It  is  also  interesting  to  note  that  the 
allocations  for  domestic  air  carriers  remain  relatively  constant 
over  time  despite  more  rapid  growth  in  operations  by  other  user 
groups . 

The  allocations  for  international  air  carriers  and  freight 
air  carriers  are  approximately  equal,  and  remain  approximately 
constant  over  time.  Both  groups  exhibit  relatively  low  levels  of 
operations  at  FAA  facilities.  In  addition,  unlike  domestic  air 
carriers  and  commuter  airlines,  the  avoidable  costs  of  F&E,  R&D, 
and  airport  projects  are  far  less  likely  to  be  attributable  to 
these  two  user  groups. 

As  a  group,  air  carriers  account  for  between  60  and  62 
percent  of  total  FAA  costs  over  the  1985  through  1997  time  period 
under  the  assumption  that  regulatory  costs  are  allocated  to 
users.  If  the  alternative  scenario  where  regulatory  costs  are 
allocated  to  the  public  is  examined,  air  carriers  as  a  group 
account  for  between  56  and  58.5  percent  of  total  FAA  costs. 

3 .2,2  General  Aviation 

There  are  four  user  groups  in  the  general  aviation  category: 

o  AT:  air  taxis 

o  GA-P:  general  aviation  piston  operators 

o  GA-T:  general  aviation  turboprop  or  turbo-jet 

operators 

o  Rotor:  operators  of  rotorcraft. 


As  a  group,  general  aviation  operators  account  for  between  26.5 
and  28  percent  of  total  FAA  costs  under  the  scenario  that 
regulatory  costs  are  allocated  to  users.  If,  instead,  regulatory 
costs  are  allocated  to  the  public  sector,  general  aviation  as  a 
group  accounts  for  between  25  and  26.5  percent  of  FAA  costs. 

The  results  for  the  individual  general  aviation  user  groups 
for  1985,  1992,  and  1997  are  shown  in  Figures  3.3  and  3.4.  It  is 
obvious  that  more  than  half  of  general  aviation's  share  of  the 
total  FAA  budget  is  attributable  to  piston  operators.  This 
result  is  expected  because  piston  operators  account  for  the  vast 
majority  of  total  operations  by  general  aviation  users.  The 
share  of  piston  operators  increases  over  time  primarily  because 
of  the  expected  increase  in  operations  by  this  user  group. 

Operators  of  turboprop  and  turbo-jet  aircraft  also  account 
for  an  appreciable  share  of  the  total  FAA  budget.  The  more 
detailed  allocations  shown  in  Section  4.0  indicate  that  this  user 
group's  share  of  ATC  operation  costs  will  grow  over  time,  even 
though  its  total  share  will  fall  slightly. 

The  share  of  FAA  costs  attributable  to  air  taxi  operators  is 
expected  to  increase  over  time  due  to  the  relatively  high 
growth  rate  in  operations  expected  for  this  user  group.  ' 

The  relatively  low  share  for  operators  of  rotorcraft  is  due 
primarily  to  the  fact  that  these  aircraft  use  relatively  modest 
amounts  of  FAA  resources  per  flight.  This  is  expected  to 

Q 

continue  in  the  future. 

3.2.3  Public  Sector 

The  costs  attributable  to  the  public  sector  are  divided  into 


three  categories: 
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o 

GOVT: 

operators 

of 

civil  government  aircraft. 

o 

MIL: 

operators 

of 

military  aircraft. 

o 

PI : 

costs  attributable  to  the  public  interest. 

Under  the  scenario  where  regulatory  costs  are  allocated  to 
users,  the  public  sector  accounts  for  approximately  13.5  percent 
of  total  FAA  costs  in  1985,  but  only  9.3  percent  in  1997.  The 
decline  is  almost  wholly  attributable  to  the  expected  constancy 
of  mili  ary  operations,  while  the  operations  of  other  user  groups 
are  expected  to  increase. 

The  same  trend  is  evident  when  regulatory  costs  are 
allocated  to  the  public  sector.  In  this  case,  the  public 
sector's  share  in  1985  is  18.7  percent,  but  declines  to  15.2 
percent  in  1997. 

Detailed  results  are  shown  in  Figures  3.5  and  3.6.  It  is 
obvious  in  both  charts  that  military  operations  dominate  the 
public  sector  allocation.  It  is  the  expected  relative  decline  in 
costs  attributable  to  the  military  that  results  in  the  decline  in 
the  public  sector's  share  over  time. 

The  share  attributable  to  civil  government  aviation  is 
expected  to  remain  constant  over  time.  This  is  consistent  with 
the  assumption  that  civil  government  fleets  and  operations  will 
grow  in  proportion  with  those  of  other  civilian  operators. 

Finally,  the  share  of  the  FAA  budget  attributable  to  the 
public  interest  is  relatively  constant  under  the  scenario  where 
regulatory  costs  are  allocated  to  users.  However,  the  public 
interest  share  does  vary  somewhat  in  the  scenario  where 
regulatory  costs  are  allocated  to  the  public.  This  is  due  to  the 
variance  in  regulatory  costs  over  time. 


3.3  Minimum  GA  Allocations 

Shown  in  Figure  3.7  are  the  minimum  general  aviation 
allocations  for  the  period  1985  through  1997.  Section  3  of 
Volume  1  describes  in  detail  the  methodology  used  to  develop  the 
minimum  general  aviation  allocation.  Since  this  method  relies 
heavily  on  FAA  establishment  criteria  as  they  stood  in  1985,  it 
cannot  be  repeated  exactly  for  future  years.  As  traffic  grows, 
the  criteria  are  bound  to  change,  but  these  changes  cannot  be 
predicted.  Thus,  the  sites  identified  in  the  1985  allocation  are 
assumed  to  comprise  the  minimum  system  in  all  future  years. 
However,  the  activity  levels  and  marginal  costs  are  assumed  to 
change  as  described  earlier  in  this  volume.  Consequently,  the 
minimum  system  allocations  for  1986-1997  are  generated  by 
applying  projected  activity  levels  and  marginal  costs  to  the 
sites  identified  in  the  base-year  analysis. 

As  the  table  shows,  the  minimum  general  aviation  allocation 
is  projected  to  increase  from  approximately  11  percent  to 
approximately  14  percent  of  the  total  budget  over  the  period 
1985-1997.  This  increase  is  attributable  primarily  to  the 
relatively  high  growth  rate  in  general  aviation  operations  as 
projected  by  the  FAA. 
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SECTION  4.0 


DETAILED  RESULTS 


This  section  of  the  report  provides  detailed  information  on 
the  allocations  to  all  users  groups  for  the  period  1986  through 
1997.  The  allocations  of  both  direct  and  indirect  costs  for  all 
major  cost  categories  are  included  for  each  user  group. 

For  each  year,  there  are  three  tables.  The  first  shows  the 
full  cost  allocation  assuming  that  regulatory  costs  are  allocated 
to  users.  The  second  shows  the  full  cost  allocation  assuming 
that  regulatory  costs  are  allocated  to  the  public  sector.  The 
third  table  presents  the  results  of  the  minimum  general  aviation 
allocation  for  each  year. 

The  tables  in  this  section  provide  a  more  detailed  picture 
of  the  year-by-year  changes  which  result  in  the  broad  trends 
depicted  in  Figures  1.1  -  1.3.  The  percentage  of  the  FAA  budget 
devoted  to  air  carriers  rises  slightly,  as  does  the  share  of 
general  aviation.  However,  FAA  expenditures  allocated  to  the 
public  sector  fall.  These  trends  can  be  identified  under  either 
of  the  alternative  assumptions  as  to  the  allocation  of  regulatory 
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HINIPW  8A  ALLOCATION  AS  PERCENT  1.21*  7.45*  3.6?*  6.5ft  IS.9ft 

OF  BUDGET  IF  BESULATORT  COSTS 
ABE  ALLOCATES  TO  THE  PUBLIC 


1994  ALLOCATION 

REGULATORY  COSTS  ALLOCATED  TO  USERS 
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NOTES 


^"Wharton  Long  Term  Forecast"  (September,  1985). 

o 

The  NASP  is  scheduled  to  run  through  the  year  2000,  but 
detailed  project  and  budget  information  was  only  available 
through  1992. 


The  military  allocation  includes  certain  "reimburseables"-- 
monies  paid  to  FAA  by  DOD  for  certain  specialized  services.  In 
1986,  this  amounted  to  $23  million,  or  about  four  percent  of  the 
military  allocation.  It  is  expected  that  these  reimburseables 
will  grow  with  labor  costs,  so  that  by  1997,  they  will  be 
approximately  $35.6  million,  or  six  percent  of  the  military 
allocation.  Net  military  allocations,  after  receipt  of  the 
reimburseables,  can  be  derived  by  subtracting  these  monies  from 
the  military  allocation: 

Year  Reimburseables  ($  Millions) 


1986 

23.0 

1987 

23.7 

1988 

24.4 

1989 

25.1 

1990 

25.9 

1991 

27.1 

1992 

28.3 

1993 

29.7 

1994 

31.0 

1995 

32.5 

1996 

33.9 

1997 

35.6 

^See  Wharton  Econometric 
Forecasts  (1986). 


Forecasting  Associates  Long-Term 


5 

If  all  efficiencies  were  assumed  to  be  realized  beginning 
in  1992,  ATC  operating  costs  would  be  higher  in  the  period  1986- 
1991,  GA  and  military  shares  would  increase  because  ATC  costs 
make  up  a  relatively  large  share  of  their  allocated  costs. 


It  should  be  noted  that  there  are  two  exceptions  to  the 
reduced  unit  cost  evidenced  in  1992.  The  marginal  costs  of 
general  aviation  operations  at  TRACONs,  and  air  carrier 
operations  at  towers  are  higher  than  in  1984.  In  both  cases,  the 
standard  error  of  the  coefficients  is  large  relative  to  those  for 
other  user  groups;  at  the  same  time,  however,  the  coefficient  is 
significantly  different  from  zero  according  to  the  t-tests. 

7 

This  assumption  was  made  to  interpolate  between  1985  and 
1992;  the  actual  schedule  of  installation  will  be  different. 


Q 

This  pattern  has  recently  been  documented  in  a  study  by 
FAA-APO. 

Q 

There  is  a  possibility  that  with  increases  in  I FR  flying, 
especially  by  turbine  rotorcraft  operators  that  the  average 
rotorcraft  flight  would  consume  more  FAA  resources.  At  present, 
there  are  no  reliable  data  on  this  recently  emerging  trend. 


AMORTIZATION  OF  F&E 


The  F&E  cost  category  in  the  FAA  budget  includes  virtually 
all  of  the  capital  expenditures  made  for  the  ATC  system  by  the 
FAA  each  year.  By  definition,  capital  assets  are  those  which  are 
not  fully  consumed  by  users  in  a  single  year.  It  is  desirable  to 
identify  how  much  capital  is  consumed  in  a  year  by  each  user 
group  in  order  to  identify  varying  consumption  patterns  exhibited 
by  users  over  time,  and  the  impact  of  FAA  F&E  expenditure 
patterns  on  user  group  consumption. 

In  the  present  study,  current  and  future  users  will  be 
allocated  the  costs  of  capital  projects  as  they  use  them.  This 
is  a  departure  from  traditional  financial  reporting,  but  is 
consistent  with  the  problem  faced  by  the  FAA  of  paying  for 
current  and  future  F&E.  The  reasons  for  this  amortization  method 
are  discussed  below. 

Before  beginning  the  discussion,  it  is  appropriate  to  define 
some  terms : 

o  Depreciation:  Allocation  of  costs  incurred  for  capital 
assets  over  the  useful  life  of  the  asset. 

o  Amortization:  The  schedule  of  payments  necessary  to 
retire  the  costs  of  a  capital  asset. 

o  Planning  Gap:  The  difference  between  the  total  cost  of 
a  capital  project  and  the  sum  of  depreciation. 
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o  Cost  of  Capital:  The  opportunity  cost  attributable  to 
the  investment  in  a  capital  project. 

o  Replacement  Cost:  The  future  cost  of  a  current  project 
after  adjusting  for  inflation  and  technological  change. 

Overview  of  the  Problem 

Past  FAA  Cost  Allocation  Studies  have  not  amortized  F&E. 
Instead,  F&E  expenditures  identified  in  the  budget  have  been 
expensed  in  a  single  year.  This  treatment  ignores  the  fact  that 
capital  is  consumed  over  time  and  not  in  a  single  year;  and  under 
certain  conditions,  can  result  in  a  misidentif ication  of  the 
actual  attributable  costs  to  users  over  time.  For  example, 
suppose  the  FAA  spends  money  on  capital  equipment  in  one  year, 
and  then  spends  nothing  on  capital  in  the  next  three  years.  If 
users  pay  for  it  in  the  same  year,  then  all  future  users  obtain 
the  benefits  of  it  free  of  charge.  Obviously,  such  a  treatment 
is  inequitable,  and  it  also  does  not  reflect  the  actual 
consumption  of  the  capital  sex-vices  produced.  On  the  other  hand, 
if  capital  expenditures  are  about  the  same  every  year,  and  are 
undertaken  to  benefit  about  the  same  mix  of  users,  then  expensing 
F&E  would  be  just  as  accurate  a  measure  of  capital  consumption  as 
amortization. 

Ideally,  one  would  measure  the  consumption  of  capital 
services  by  estimating  it  in  the  context  of  a  long-run  marginal 
cost  function.  Such  a  function  would  include  not  only  the 
variable  costs  of  operating  a  particular  facility,  but  also  the 
maintenance,  depreciation  (including  replacement  costs)  and 
interest  consumed  in  the  production  process.  Unfortunately,  in 
the  case  of  the  FAA,  it  was  not  feasible  to  estimate  long  run 


marginal  cost  functions  which  include  depreciation  and  the  cost 
of  capital.  Therefore,  the  FfiE  allocation  was  developed 
separately . 

Even  in  the  absence  of  complete  long-run  marginal  cost 
estimates,  it  is  important  to  focus  on  the  two  key  components  of 
capital  consumption:  depreciation  and  the  cost  of  capital.  The 
former  represents  the  value  of  capital  consumed  in  a  particular 
time  period.  Depreciation  should  be  valued  to  reflect  the 
replacement  cost  of  the  asset.  If  an  existing  asset  put  into 
place  in  year  one  must  be  replaced  in  year  three,  the  cost  of 
that  replacement  would  be  affected  by  both  technological  change 
and  by  the  rate  of  inflation.  If  replacement  costs  are  not 
considered,  insufficient  funds  may  be  collected  to  replace  the 
capital  as  it  wears  out. 

The  cost  of  capital  represents  the  opportunity  cost  of 
employing  the  capital  in  FAA  facilities  instead  of  employing  it 
elsewhere.  The  time  value  of  money  embedded  in  a  capital  project 
is  a  real  cost  since  there  are  alternative  uses  of  those  funds. 
Therefore,  capital  consumption  should  include  not  only 
depreciation,  but  also  the  cost  of  capital. 

Including  replacement  costs  and  the  cost  of  capital  in  an 
amortization  schedule  is  not  the  same  as  reporting  depreciation 
in  a  financial  report.  The  purpose  of  traditional  financial 
reporting  Is  to  identify  net  income,  defined  as  income  received 
minus  costs  incurred.  Replacement  costs  and  the  cost  of  capital 
are  not  considered  in  measuring  net  income.  The  purpose  of  the 
amortization  schedule  suggested  above  is  to  insure  that  capital 


can  be  replaced  as  it  wears  out.  The  suggested  amortization 
schedule  is  a  tool  to  help  plan  and  control  a  capital  budget;  a 
depreciation  schedule  reported  in  a  financial  statement  is  part 
of  a  report  on  current  income. 

One  of  the  difficulties  of  including  replacement  costs  in 
amortization  schedules  is  that  it  is  difficult  to  predict  both 
inflation  and  the  impacts  of  technological  change.  In  one  set  of 
circumstances,  however,  the  problem  can  be  made  more  tractable. 

If  it  is  known  that  a  certain  piece  of  equipment  being  put  in 
place  this  year  is  to  replace  another  piece  of  equipment  put  into 
place  two  years  ago,  then  the  price  of  the  equipment  this  year 
exactly  identifies  the  impacts  of  inflation  and  technological 
change  over  the  two  year  period.  The  cost  of  the  current  capital 
expenditure  exactly  identifies  the  replacement  cost  of  the  past 
capital  project.  Under  these  circumstances,  it  makes  no 
difference  whether  the  amortization  schedule  is  based  upon 
historic  cost  including  replacement,  or  current  cost--they  are 
the  same.  (This  proposition  is  demonstrated  below.) 

It  is  also  interesting  to  note  that  basing  amortization 
schedules  on  current  capital  expenditures  is  equivalent  to 
identifying  tax  revenues  in  a  capital  budgeting  problem.  In  the 
present  case,  tax  revenues  are  equivalent  to  the  future 
consumption  of  current  capital  expenditures.  Looking  at 
amortization  in  this  way  is  also  consistent  with  the  problem 
faced  by  the  FAA  today:  to  design  a  set  of  taxes  to  pay  for 
current  and  future  F&E  projects. 

Finally,  since  taxes  will  be  based  in  part  upon  the 
amortization  schedule  to  be  developed  in  this  study,  it  is 


desirable  that  the  pattern  of  payments  made  for  recovery  be 
relatively  even.  It  would  be  difficult  to  administer  taxes  which 
vary  year  to  year.  Furthermore,  providing  for  relatively  even 
payments  to  recover  expenses  over  time  reduces  the  possible 
intertemporal  inequities  that  would  occur  if  some  users  consume 
services  during  high  tax  years,  while  others  consume  services 
only  in  low  tax  years. 

Amortization  Examples 

The  following  two-period  examples  for  a  single  investment 
illustrates  all  of  the  preceding  propositions.  Suppose  an 
investment  was  made  two  years  ago  and  must  be  replaced  today. 

What  amortization  schedule  will  exactly  offset  the  current  costs 
of  the  project  and  provide  for  an  even  payment  pattern  over  time? 
To  answer  this  question,  assume  the  following: 

o  The  cost  of  the  project  two  years  ago  was  $10. 

o  The  inflation  rate  over  the  past  two  years  and  the 

expected  inflation  rate  in  the  following  two  years  is 
ten  percent. 

o  The  cost  of  capital  (the  appropriate  discount  rate)  is 
ten  percent. 

o  The  expected  asset  life  of  a  project  put  into  place 
this  year  is  also  two  years. 

There  are  five  relevant  cases  which  can  be  examined  under 
these  assumptions.  They  illustrate  all  of  the  propositions 
previously  described.  Those  cases  are: 
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o 


Historic  depreciation,  which  corresponds  to  traditional 
financial  reporting, 
o  Historic  depreciation  with  replacement  costs,  which 
corresponds  to  adjustments  made  in  the  footnotes  to 
traditional  financial  statements, 
o  Historic  depreciation  with  replacement  and 
consideration  of  the  cost  of  capital, 
o  Amortization  of  current  projects  including  replacement 
and  capital  costs. 

o  Amortization  of  current  projects  with  replacement  and 
capital  costs  assuming  an  even  payment  stream  over 
time . 

All  of  these  examples  are  shown  in  Table  A.l,  and  are  discussed 
in  turn.  The  equations  used  to  develop  the  examples  in  Table  A.l 
are  shown  in  Tables  A. 2  and  A. 3. 

Historic  Depreciation 

The  first  case  shown  in  Table  A.l  corresponds  to  traditional 
financial  reporting  which  is  designed  to  report  annual  net 
income.  Assume  an  investment  was  made  two  years  ago  (at  the 
beginning  of  year  1)  and  cost  $10.  Today,  at  the  beginning  of 
year  3,  the  replacement  cost  of  that  project  (assuming  a  ten 
percent  inflation  rate)  is  $12.10.  Assuming  taxes  are  based  on 
the  depreciation  schedule,  only  five  dollars  of  user  taxes  are 
collected  in  each  year  (years  1  and  2).  Historic  depreciation 
does  not  reflect  either  the  increasing  cost  to  replace  the 
project  or  the  opportunity  cost  of  the  capital  invested.  As  a 
result,  there  are  insufficient  funds  to  replace  the  capital  at 
the  beginning  of  year  3.  The  so-called  planning  gap  is  $2.10. 
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Table  A.  1 


USER  taxes  to  fund  the  project 
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This  shortfall  occurs  because  users  in  the  past  two  years  have 
been  consuming  a  capital  asset  whose  true  costs  are  higher  than 
the  amount  depreciated  in  each  year. 

If  the  investor  (the  FAA)  is  interested  in  funding  current 
capital  projects,  then  traditional  financial  reporting  using 
historic  depreciation  (straight-line  or  otherwise)  will  lead  to 
shortfalls  in  tax  collections.  It  should  be  noted,  however,  that 
one  of  the  desirable  features  of  the  historic  straight-line 
depreciation  method  is  that  the  annual  taxes  collected  to 
amortize  the  investment  are  the  same.  This  even  payment  pattern 
is  desirable  so  that  taxes  do  not  have  to  be  adjusted  in  each 
year . 

Historic  Depreciation  with  Replacement  Costs 

In  the  second  example  in  Table  A.l,  depreciation  payments 
include  consideration  of  replacement  costs.  As  is  shown  in  Table 
A. 2,  this  means  that  the  first  year's  depreciation  payment 
includes  a  replacement  component  (1+i),  as  does  the  second  year's 
(1+i)2.  The  result  is  that  the  shortfall  is  smaller  than  in  the 
first  case,  but  still  exists  because  there  is  no  consideration  of 
the  cost  of  capital.  Also,  because  replacement  cost  is 
considered,  the  user  taxes  are  different  in  each  year. 

In  sum,  the  planning  gap  is  smaller  because  replacement 
costs  have  been  considered,  but  the  payment  pattern  required  to 
fund  the  depreciation  schedule  is  not  even. 

Historic  Depreciation  with  Replacement  and  Consideration  of 

Capital  Costs 

The  third  example  in  Table  A.l  includes  consideration  of 
both  replacement  costs  and  the  cost  of  capital  in  developing  the 
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depreciation  schedule.  In  Table  A. 2,  notice  that  the  actual 


taxes  paid  by  uiars  in  the  first  year  are  the  same  as  in  the 
previous  case.  But,  in  calculating  the  planning  gap  in  Table 
A. 3,  the  first  year's  depreciation  payment  includes  both  a 
replacement  cost  factor  (1+i)  and  an  opportunity  cost  of  capital 
factor  (1  +  r).  The  latter  represents  the  interest  payment  earned 
on  the  first  year's  taxes  collected.  In  other  words,  users  are 
being  compensated  for  paying  money  into  the  system  before  it  is 
required  to  replace  the  capital.  This  is  equivalent  to  the 
opportunity  cost  of  capital. 

In  calculating  the  planning  gap  in  Table  A. 3,  the  second 
year's  payment  includes  only  the  replacement  cost  term  (1+i)  . 
This  is  the  case  because,  in  this  example,  it  is  assumed  that  the 
money  comes  in  at  the  end  of  the  second  year  and  is  immediately 
spent  at  the  beginning  of  year  3.  Again,  the  second  year's 
payment  is  the  same  as  in  the  previous  case. 

Including  the  cost  of  capital  in  the  analysis  reduces  the 
planning  gap  to  zero,  as  long  as  the  cost  of  capital  and  the 
replacement  cost  rate  are  equivalent.  The  annual  payment  pattern 
of  taxes  remains  uneven,  however. 

Amortization  of  Current  Projects  Considering  Replacement  and 

Capital  Costs 

So  long  as  the  current  project  replaces  the  investment  made 
two  years  ago,  amortizing  the  current  project  into  the  future  can 
be  made  equivalent  to  historic  depreciation  with  consideration  of 
replacement  and  capital  costs.  This  is  illustrated  in  the  fourth 
case  in  Table  A.l.  The  planning  gap  is  calculated  by  comparing 
the  current  cost  of  the  investment  project  with  the  present  value 


of  future  payments  to  be  made  by  users  in  years  3  and  4  to  offset 

the  depreciation  of  the  asset.  As  is  shown  in  Table  A. 2,  users 

are  charged  higher  taxes  in  years  3  and  4  to  reflect  the 

opportunity  cost  of  the  FAA's  investment- -the  (1  +  r)  terms.  These 

payments  are  then  discounted  back  to  the  current  date  in  Table 

A. 3.  As  a  result,  the  present  value  of  the  funded  depreciation 

exactly  offsets  the  current  cost  of  the  project;  the  planning  gap 

is  zero.''  The  pattern  of  user  taxes  remains  uneven,  however. 

A mortization  of  Current  Projects  with  Consideration  of 
Replacement  and  Capital  Costs  and  Assuming  Constant 
Payments  Each  Year 

The  final  example  in  Table  A.l  also  results  in  the 
elimination  of  the  planning  gap.  Current  projects  are  amortized 
into  the  future  in  such  a  way  that  the  payments  made  by  users  in 
each  year  are  equal.  The  equations  used  to  derive  the  payments 
are  shown  in  Table  A. 2  and  are  equivalent  to  deriving  the 
mortgage  payment  on  a  house.  These  payments  are  then  discounted 
back  to  the  beginning  of  year  3  in  Table  A. 3  to  calculate  the 
planning  gap. 

The  key  advantages  of  this  amortization  method  are; 
o  It  considers  both  the  cost  of  capital  and  replacement 

costs . 

o  It  eliminates  the  planning  gap,  and  so  ensures  that 
current  FAA  projects  will  be  fully  funded, 
o  It  provides  an  amortization  schedule  which  reflects 
consumption  of  capital  services  as  they  occur. 

It  provides  an  even  payment  pattern  over  time  so  that 
taxes  do  not  have  to  be  adjusted  each  year. 


o 


o 


Finally,  the  rate  of  replacement  cost  and  the  cost  of 
capital  do  not  have  to  be  equivalent  to  eliminate  the 
planning  gap.  A  mortgage  can  be  computed  to  eliminate 
the  planning  gap  under  any  set  of  assumptions  regarding 
these  variables. 

Treatment  of  Embedded  Capital 

One  issue  remains  to  be  resolved:  how  to  treat  the  initial 
endowment  of  capital  embedded  in  the  FAA  airway  system.  In  the 
example  in  Table  A.l,  someone  initially  put  up  the  $10;  users  pay 
taxes  to  replace  the  project,  but  no  consideration  is  given  to 
returning  the  initial  $10.  There  are  three  ways  to  account  for 
the  initial  endowment: 

o  A  return  could  be  imputed  to  the  initial  endowment,  and 
carried  forward  and  paid  for  by  users  in  the  current 
and  all  future  years.  In  effect,  the  return  would  be 
an  annuity  paid  to  account  for  the  opportunity  cost  of 
the  initial  endowment. 

o  The  initial  endowment  can  be  treated  as  a  public  good 
provided  by  the  government  in  exchange  for  users 
replacing  it  in  perpetuity  as  it  wears  out. 

o  The  initial  endowment  is  a  sunk  cost  for  which  there  is 
no  necessary  return  because  there  are  no  alternative 
uses.  Since  there  is  no  opportunity  cost,  no  return  is 
necessary. 

The  later  two  interpretations  more  clearly  describe  embedded  FAA 
F&E.  In  the  early  years  of  aviation,  users  may  not  have  been 
willing  to  invest  in  the  system  until  one  already  existed. 

Direct  user  benefits  may  have  been  insufficient  to  justify  an 


airway  system,  but  government  support  indicated  a  belief  that 
social  benefits  exceeded  the  costs  of  establishing  the  system. 
Once  established,  the  system  helped  to  stimulate  the  growth  of 
aviation  and  direct  benefits  grew  to  the  point  where  users  could 
defray  future  system  costs. 

The  last  interpretation- - that  embedded  capital  is  really  a 
sunk  cost--also  describes  FAA  F&E.  Salvaging  and  reconditioning 
much  of  the  FAA's  F&E  would  cost  more  than  the  value  that  could 
be  received  in  alternative  uses.  Therefore,  the  costs  are  sunk, 
and,  having  no  alternative  uses,  require  no  return. 

There  are  some  notable  exceptions  to  the  sunk  cost  theory, 
however.  Land  and  real  estate  holdings  of  the  agency  and  its 
aircraft  clearly  have  alternative  uses.  However,  the  initial 
endowment  of  these  assets  can  be  assigned  to  the  public  good 
category  just  as  can  other  embedded  F&E. 

Finally,  in  the  past,  F&E  has  been  expensed.  No  return  on 
capital  has  ever  been  imputed  to  the  initial  endowment  of  F&E. 

For  these  reasons,  no  return  is  imputed  to  embedded  F&E. 

Also  for  these  reasons,  paying  for  embedded  F&E  is  largely 
irrelevant  in  the  present  study.  Consideration  of  current  and 
future  F&E,  and  how  it  should  be  amortized,  is  the  relevant 
problem  facing  the  FAA. 

Application  of  Mortgage  Method  to  FAA  Cost  Allocation 

Problem 

The  problem  faced  by  the  FAA  is  more  complex  than  that 
discussed  in  the  previous  sections.  The  FAA  is  interested  in 
developing  a  set  of  taxes  to  offset  the  costs  of  current  and 
future  F&E  projects.  The  agency  is  also  interested  in  developing 
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a  set  of  taxes  which  both  reflects  consumption  of  capital 
services,  and  provides  for  a  relatively  even  payment  pattern  over 
time . 

The  mortgage  method  is  ideally  suited  to  accomplish  these 
objectives.  In  order  to  evaluate  current  and  future  F&E 
projects,  expected  future  F&E  expenditures  are  discounted  back  to 
1986.  A  mortgage  can  then  be  calculated  to  exactly  offset  the 
cost  of  those  expected  expenditures  over  the  life  of  the  assets. 

Three  data  elements  and  related  assumptions  are  necessary  to 
implement  the  methodology: 

o  A  stream  of  F&E  projects  over  time, 
o  The  average  asset  life  of  F&E, 
o  An  appropriate  discount  rate. 

The  stream  of  expected  future  F&E  expenditures  was  provided  by 
APO  based  on  the  best  information  currently  available  within  the 
agency.  The  expected  asset  life  was  assumed  to  be  13  years, 
which  is  consistent  with  a  recent  internal  APO  study  indicating 
that  the  average  FAA  reequipment  cycle  is  approximately  13  years. 
This  is  the  best  information  available  on  the  life  cycle  of  FAA 
F&E.  Existing  FAA  records  do  not  permit  an  exact  tracking  of  the 
depreciation  schedule  for  different  pieces  of  equipment. 

Finally,  the  OMB  standard  ten  percent  discount  rate  was  employed 
as  the  cost  of  capital. 

It  should  be  noted,  in  addition,  that  the  FAA's  expected  F&E 
stream  over  time  includes  an  estimate  of  inflation  and  the 
impacts  of  technological  change.  No  additional  explicit 
assumption  concerning  replacement  costs  needed  to  be  made  for  the 
analysis . 
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